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(54) Title: MULTI-BAND CERAMIC TRAP ANTENNA 
(57) Abstract 

A J-pole type antenna (10) with radiating ele- 
ments (14 and 16) comprising a substantially rectilin- 
ear antenna element (14), a coupled counterpoise con- 
ductor (16), an rf feed (12) and dielectric resonators 
(18 and 20) is disclosed. The invention enables pas- 
sive tuning without mechanical parts and movements 
thereof to change frequency. The dielectric resonators 
are strategically placed on the antenna element and the 
coupled counterpoise conductor to affect frequency 
changes and to yield multiband antennas preferably 
in the VHF and above bands. The invention also dis- 
closes a structure (22 and 25) advantageously tailored 
to mount and support the components of the J-pole. 



!0 



/3 

J — I" 



fS 







• 1 




• 1 


1 


1 \ 


1 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


E5 


Spam 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


Trie former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/39814 



PCT/US98/04209 



MULTI-BAND CERAMIC TRAP ANTENNA 

flElP OF TffE INVENTION 
The present invention generally relates to an antenna. Specifically, 
5 the invention relates to the implementation of ceramic resonators as radio 
frequency (rf) traps in a J-pole antenna system to provide a dual and 
multiband antenna preferably implemented in the VHF and above bands. 

BACKGROUND OF THE INVENTION 

10 Generally, antennas are used to propagate or capture radio and 

electromagnetic waves. The functional use of antennas is therefore to 
transmit and receive radio, television, microwave telephone and radar 
signals. Most antennas for radio and television consist of metal wires or 
rods connected to a receiver or transmitter. 

15 A combination of an inductance and a capacitance in series is the 

standard form of tuned circuits used in almost every radio receiver. These 
circuits are tunable over a range of resonant frequencies and either the 
inductance or the capacitance can be a variable type. In the most common 
type of tuned radio circuits, the capacitor is made variable. In practice the 

20 coil may also have variable characteristics. Generally, the coil is made 
variable by wounding on a sleeve fitted on a ferrite rod and capable of 
being slid up and down the rod to thereby provide a means for changing 
the effective inductance. The variable characteristics of the coil are used 
only for initial adjustment. Subsequent adjustments of resonant 

25 frequency and tuning are done by the variable capacitor. 

Accordingly, a tuned circuit consists of a coil and a variable capacitor 
which can be adjusted to show resonance and/or maximum response to a 
particular signal frequency applied to it. Only that signal to which it is 
tuned is magnified or amplified by resonance such that it stands out at 

30 high levels of signal strength. 

Traditional antenna structures include a vertical telescopic element, 
a horizontal rod or dipole. A dipole is generally timed by making the 
length equal to a certain ratio of the signal wavelength. The tuning 
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process of a dipole aerial includes a design to make it resonant with the 
mean frequency to be covered in the required band. However, even with 
this arrangement there is a need to amplify the signal. The amplified 
signal is fed to the next stage of the receiver via a tuned output. 

5 In the prior art, complicated circuits in cooperation with 

cumbersome mechanical devices are used to improve the impedance of an 
antenna by matching it with the transmission line. Specifically, prior art 
antenna systems and structures for VHF and higher band frequencies 
utilize complex electrical and mechanical structures. These antennas 

10 comprise, inter alia, radiating elements of various sizes and shapes 
including monopoles and dipoles. 

Generally, the design of an antenna is a trade-off between specific 
performance requirements and electrical parameters. J-pole type antenna 
systems are designed using several techniques to optimize both 

15 performance and design parameters. However, current practice does not 
provide a space/volume efficient and economical design of a J-pole type 
antenna which is tunable by using rf traps to form multiband antennas. 

While existing antenna systems for multibands operations have 
proven practicable, it would be desirable to eliminate complicated circuitry 

20 and mechanical components in addition to the reduction of weight, size 
and packaging of these types of antennas. Accordingly development of 
compact and reliable multiband antennas is needed. As will be set forth 
below, the present invention meets these and other needs. 



25 SUMMARY OF THE INVENTION 

The present invention uses an rf trap to form multiband antennas. 
Specifically, the present invention utilizes dielectric resonators to separate 
and match multiband antenna sections of a J-pole antenna system. The 
dielectric resonators used in the present invention are preferably of the 
30 ceramic type. These devices have low loss and very small temperature 
variation of resonant frequency in the microwave range. 

Ceramic materials with high dielectric constant and low loss called 
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dielectric resonators are extensively and advantageously used for both 
active and passive devices in microwave systems. Particularly, in passive 
devices such as capacitors and resistors ceramics are used to moderate 
electrical current. In spite of the prodigious use of ceramic materials as 
5 passive components in various electronic components, prior art practice in 
antenna technology generally uses circuit traps of the anti-resonant 
inductor-capacitor type. 

In the preferred embodiment of the present invention a multiband 
antenna system using ceramic resonators to trap rf is disclosed. A 

10 substantially rectilinear antenna structure having an effective length equal 
to 3/4 of the low frequency wave length is set with a low impedance point 
at one end. A substantially rectilinear coupled conductor having an 
effective length equal to 1/4 of the low frequency wave length is set in 
close spaced co-planar relation to the antenna element. One end of the 

15 coupled conductor is set adjacent the substantially zero impedance end of 
the antenna element. The antenna element and the coupled conductor 
are supported on a common base comprising a connector where the 
substantially low impedance and the rf feed are located. Ceramic 
resonators are placed on the antenna element and the coupled conductor 

20 at parametrically predetermined positions to affect high level efficiency 
and operation on multiple frequency. The antenna element and the 
coupled conductor are structured to be co-extensive with a predetermined 
dimensional (length) differential between them. The set positions of the 
ceramic resonators on both the antenna element and the coupled 

25 conductor are parametrically determined to match and form multiband 
antennas along the co-extensive lengths thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevation view of the embodiment of the present 
30 invention showing ceramic resonators mounted on the antenna element, 
coupled counterpoise conductor and coaxial connector. 

FIG. 2 is an elevation view of the embodiment of the present 
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invention with the antenna element and coupled counterpoise conductor. 

FIG. 3 is a linear representation of the ceramic trap antenna with the 
various multiband arrangements and calibrations in accordance with the 
present invention. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings, FIG. 1, illustrates an elevation view 
of antenna system 10. The structure includes rf input (rf feed low 
impedance) 12 on which antenna element 14 and coupled counterpoise 

10 conductor 16 are supported at solder points 17. Ceramic resonator 18 is 
attached to antenna element 14. Similarly, ceramic resonator 20 is attached 
to coupled counterpoise conductor 16. 

FIG. 2 is a detailed depiction of some of the significant structural 
elements of the present invention. As can be seen, the embodiment 

15 depicts a structurally simple and yet elegantly efficient antenna system for 
use in the multiband antenna of the present invention. RF input 12 is 
mounted on connector 22 and is secured thereon by screws /fasteners 23 
and antenna system 10 is attached to rf input 12 thereby forming a co- 
extensive J-pole antenna system. The center 3/4 wave length element is 

20 the active (signal) rf feed input with the 1/4 wave length connected to 
ground plane 25. The system is supported on ground plane 25 which is 
preferably a chassis or similar structure which would preferably give added 
gain. Referring back to FIG. 1, antenna element 14 is preferably soldered to 
connector 22, which is a coaxial connector. Further, connector 22 is 

25 preferably insulated from the shield or ground by a Teflon sleeve or 
equivalent (not shown). It should be noted that connector 22 which is 
typically a feed device is not required to accomplish the intended use of the 
present invention. Further, ground plane 25, while it provides additional 
rf gain, is not a required part of the invention. J-pole antenna system 10 of 

30 the present invention is operable without connector 22 and ground plane 
25. 

The essence of some of the most significant aspects of the present 
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invention is depicted in FIG. 3. Specifically, the relative lengths of 
antenna element 14 and coupled counterpoise conductor 16 in addition to 
the placement of ceramic resonators 18 and 20 enable to passively tune 
frequencies across the lengths of the co-extensive J-pole antenna without 
5 mechanical adjustments. This is achieved by means of a unique 
calibration technique based on frequency matching about the co-extensive 
sections of the antenna system including the relative position of ceramic 
resonators 18 and 20. 

In the preferred embodiment the operation of antenna system 10 

10 can best be understood with further and detailed reference to FIG. 3. As 
stated hereinabove, the calibrations of antenna element 14 relative to 
coupled counterpoise conductor 16, in conjunction with the positioning of 
ceramic resonators 18 and 20, comprise one of the most important 
advances of the present invention. Still referring to FIG. 3, the bottom 1/3 

15 of antenna system 10 is used to match and provide a counterpoise for the 
radiating top 2/3 of antenna element 14. The radiating section of antenna 
system 10 is an end feed 1/2 wave dipole with the total antenna system 
including coupled counterpoise conductor 16 to form a J-type antenna 
structure. 

20 Still referring to FIG. 3, coupled counterpoise conductor 16 is a 1/4 

wave matching-counterpoise structure having low impedance at 
unbalanced rf input 12 and high impedance at the radiating antenna end. 
The radiating element 14 preferably operating only at one band of 
frequencies. The present invention utilizes ceramic resonators 18 and 20 

25 as traps to create a dielectric barrier or disconnect in coupled counterpoise 
conductor 16 and antenna element 14. Specifically, ceramic resonator 20, 
which is preferably a shorted 1/4 wave resonator, is placed 1/4 wave up 
from rf input 12. Thus, the section of coupled counterpoise conductor 16 
above ceramic resonator 20 is disconnected or opened. Ceramic resonator 

30 20 is resonate at a higher second frequency because it is resonant to the 
short end. Further, this arrangement promotes resonance of the 
matching-counterpoise, which is equal to the full length of coupled 
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counterpoise conductor 16, at lower frequency. The shorter length of 
coupled counterpoise conductor 16, which forms the section below ceramic 
resonator 20, resonates at the higher second frequency. 

The section above the matching counterpoise is an end feed 1/2 
5 wave dipole. The total length of the dipole antenna resonates at the 
lowest frequency. By placing a shorted 1/4 wave ceramic resonator 18 at a 
1/2 wave up from the radiating dipole feed point, top of matching 
counterpoise, the section above resonator 18 is disconnected or opened. 
Ceramic resonator 18 is resonate at the higher second frequency with the 

10 non-shorted end facing feed point 12. This arrangement enables the 1/2 
wave dipole to resonate at the lower and higher frequencies. 

Accordingly, the present invention enables multiband frequency 
matching using a J-pole feed antenna in conjunction with ceramic 
resonators. Although a preferred embodiment is discussed and disclosed 

15 herein, any number of frequency bands could be implemented using the 
method and apparatus of the present invention. 

In the preferred embodiment the J-pole feed is affected via coupled 
counterpoise conductor 16. Further, the use and strategic placement of 
ceramic resonators 18 and 20 in antenna system 10 provide a unique and 

20 innovative structure in which multibands are passively tuned and closely 
matched to achieve proper operation on multiple frequencies- 
Having thus described the preferred embodiments of the present 
invention, those skilled in the art will readily appreciate the many other 
embodiments which can be employed within the scope of the claims 

25 provided below. 



WO 98/39814 



PCT/US98/Q4209 



-7- 

WHAT IS CLAIMED IS: 

11. A J-pole type antenna device including a tuned wire antenna 

2 wherein rf traps are used to form mulriband frequencies comprising: 

3 an antenna structure comprising at least two radiating 

4 elements with at least one radiating element being shorter in length 

5 than the other radiating element; 

6 at least one ceramic resonator attached to each of said 

7 radiating elements; 

8 said radiating elements being conjoined at an rf feed point 

9 and said shorter radiating element further forming a matching 

10 counterpoise; 

11 said antenna structure including said ceramic resonators 

12 attached thereto being supported by a base at said rf feed point; and 

13 connector means coupled to said base. 

1 2. The device of claim 1, wherein said shorter matching counterpoise 

2 comprises a first radiating element having a length equal to 1/4 of a low 

3 frequency wave length. 

1 3. The device of claim 1, wherein said other radiating element is 

2 longer by at least 1/2 of a low frequency wave length relative to said 

3 shorter radiating element. 

1 4. The device of claim 2, wherein the total length of said shorter 

2 matching counterpoise is equal to a 1/4 wave matching counterpoise 

3 length. 

1 5. The device of claim 3, wherein said other radiating element is 

2 longer by 1/2 wave dipole relative to said shorter radiating element. 

1 6. The device of claim 1, wherein said ceramic resonators attached to 
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2 each of said radiating elements include a separation distance equal to 1/2 

3 the wave length of a high frequency therebetween. 



1 7. The device of claim 6, wherein said separation distance is measured 

2 from open ends of said ceramic resonators and said separation distance is 

3 equal to 1/2 of a high frequency wave length. 

1 8. The device of claim 7, wherein said measurement from said open 

2 ends further includes a calibration in which from an open end of a 

3 resonator, attached to said shorter radiating element, to said rf feed point a 

4 dimension equal to 1/4 of a high frequency wave length is maintained. 

19. A method of creating rf traps in a J-pole type antenna device 

2 comprising the device-implemented steps of: 

3 supplying a substantially rectilinear antenna element with an 

4 effective length equal to 3/4 of a low frequency wave length with a 

5 low impedance region at one end; 

6 supplying a substantially rectilinear coupled counterpoise 

7 conductor with an effective length equal to 1/4 of said low frequency 

8 wave length; 

9 setting said coupled counterpoise conductor in close spaced 

10 co-planar relation to said antenna element; 

11 supporting said antenna element and said coupled 

12 counterpoise conductor on a common base comprising a connector 

13 wherein said low impedance region and an rf feed are located; and 

14 placing dielectric resonators on said antenna element and 

15 ^ said coupled counterpoise conductor. 

1 10. The method of claim 9 wherein said step of setting further includes 

2 structuring said coupled counterpoise conductor and said antenna element 

3 to be co-extensive with a calibration differential between them. 
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1 11. The method of claim 9 wherein said step of placing further includes 

2 positioning said dielectric resonators in spaced relation to each other along 

3 co-extensive lengths of said antenna element and said coupled 

4 counterpoise conductor to thereby match and form multiband antennas 

5 along the co-extensive lengths thereof. 



1 12. A method of trapping rf and creating a balanced multiband and 

2 multifrequency antenna in an antenna system comprising the steps of: 

3 providing a longitudinal antenna element with a bottom 1/3 

4 section allocated to provide a counterpoise for a radiating 2/3 

5 section; 

6 maintaining an end feed 1/2 wave dipoie at said radiating 

7 section; 

8 providing a coupled counterpoise conductor equal to 1/4 

9 wave to form a matching counterpoise having low impedance at an 

10 unbalanced rf input and high impedance at said radiating 2/3 

11 section; 

12 placing a first shorted 1/4 wave dielectric resonator at a 1/4 

13 wave up from said rf input to thereby disconnect /open a segment of 

14 said coupled counterpoise conductor above said dielectric resonator; 

15 and 

16 * placing a second shorted 1/4 wave dielectric resonator at 1/2 

17 wave up from said end feed of said dipoie whereby a segment of said 

18 antenna element above said second dielectric resonator is 

19 disconnected / opened . 
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